The effects of D-galactosamine (D-gal) and carbon tetrachloride (CCl 4 ) administration on induction of liver cell proliferation in a medium term liver bioassay for detection of initiation activity of 1,2-dimethylhydrazine (DMH) were investigated with special emphasis on kinetics of cell proliferation and cytochrome P450 (CYP) expression. In experiment I, fluctuation of cell proliferation and CYP 2E1, which is one of the enzymes involved in bioactivation DMH to ultimate form, levels of liver cells after D-gal administration (4000 mg/kg, i.g.) or CCl 4 administration (1 ml/kg, i.g.) was analyzed by bromodeoxyuridine labeling and western blotting, respectively. In experiment II, induction of glutathione S-transferase placental form (GST-P)-positive foci by DMH in a model for detection of initiation activities using D-gal or CCl 4 administration as a toxicity-regeneration dependent proliferative stimulus was evaluated. Although high BrdU labeling indices continued from 36 h to 72 h after D-gal and CCl 4 treatment, cell proliferation after intragastric D-gal administration was very low compared with the CCl 4 case. Decrease of CYP 2E1 apoprotein content in the microsomes was slight after D-gal administration, whereas decrease up to about 40% of the control level was evident from 12 h until 60 h after CCl 4 . When the carcinogen was injected 60 h after D-gal administration, there was appreciable increase in the area and numbers of GST-P positive foci, similar to the case with CCl 4 administration. Sensitivities for detection of initiation activity with intragastric D-gal or CCl 4 administration were equal, despite the kinetics of cell proliferation and CYP 2E1 being very different. With CCl 4 administration, initiation depended on fluctuation of CYP 2E1, reversibly in intragastric D-gal treatment, initiation depended on cell kinetics. (J Toxicol Pathol 2002; 15: 13-18) 
Introduction
For detection of initiation activity in the relatively short term, evaluation of induction of glutathione-S transferase placental form (GST-P) positive foci in rat liver has been widely used [1] [2] [3] . Cell proliferation and bioactivation of procarcinogens are important parameters for the initiation process 4 and induction of liver regeneration is the first step in induction of GST-P positive foci for detection of initiation activity 3 . Two-thirds partial hepatectomy has been utilized for induction of liver cell proliferation 5 , but this requires surgical expertise and presents problems, especially when with large numbers of rats. In contrast, chemical hepatectomy achieved with hepatotoxicant administration is very simple. Carbon tetrachloride (CCl 4 ) has been employed for this purpose 1 , 2 , but causes hepatic necrosis in centrilobular areas where expression of cytochrome P450 (CYP) is strongest 6 , so that bioactivation of carcinogens may be effected 7 . D-galactosamine (D-gal) is another hepatotoxicant with a different mechanism of liver injury from CCl 4 . A toxic dose induces cell proliferation 8, 9 , therefore, D-gal administration will be utilized as cell proliferative stimulus in a model for detection of initiation activities of chemicals. However, the effect of liver regeneration induced by D-gal administration on initiation of carcinogenesis has been unclear.
In the present study, we therefore compared the effects of intragastric D-gal-and CCl 4 -induced liver cell proliferation in a medium term liver bioassay for detection of initiation activity of 1,2-dimethylhydrazine (DMH), concentrating attention on cell kinetics and expression of CYP 2E1 which is one of the enzymes involved in bioactivation DMH to ultimate carcinogens 10 .
Materials and Methods

Animals
The animals, male F344 rats (Charles River Japan Inc., Atsugi), were housed five per plastic cage on wood chips for bedding under constant conditions (12 h light/dark cycle, 60% humidity at 22 ± 2°C) on Oriental NMF diet (Oriental Yeast Co., Tokyo) and tap water ad libitum. They were acclimatized for one week before the start of experiments, at which time they were 7 weeks old and weighed 150-170 g. Experimental protocols (Fig. 1) In experiment I (Fig. 1A) , for the analysis of cell proliferation kinetics of liver cells after D-gal administration (4000 mg/kg, i.g.) or CCl 4 administration (1 ml/kg, i.g.), groups of rats were given an i.p. injection of BrdU (100 mg/ kg) 1 h before sacrifice, 12, 24, 36, 48, 60, 72 h, and 7 days after D-gal administration as in Fig. 1A . Liver slices were fixed in 10% neutral buffered formalin for BrdU. For microsome analysis, liver was frozen by liquid nitrogen and stored at -80°C until prepared for microsome. In experiment II (Fig. 1B) , in order to determine correlates among cell proliferation, kinetics of CYP 2E1 and induction of GST-P-positive foci, rats were divided into six groups as shown in Fig. 1B , given doses of DMH (10 mg/kg wt. i.g.) administered at 12, 24, 36, 48, 60, and 72 h after Dgal administration, respectively. The control group received no DMH administration after D-gal i.g. The CCl 4 -administration group was administered CCl 4 instead of Dgal, and received DMH i.g. 60 h after administration at the high point of susceptibility to induction of GST-P-positive foci reported previously 2 . Subsequently, diet containing 0.015% of 2-AAF was given for the following 2 weeks. Three weeks after DMH administration, all animals received a dose of CCl 4 (0.8 ml/kg body wt. i.g.) 5 . At the end of week 5 the survivors were killed and liver slices were fixed in 10% neutral buffered formalin for immunohistochemical examination of GST-P-positive foci. All animals were handled In accordance with the guidelines for animal experimentation of the Faculty of Agriculture, Gifu University.
Chemicals
Soudium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis and immunoblot analysis for CYP 2E1protein
Liver microsomes after D-gal or CCl 4 administration were prepared essentially as described by Burke et al.
11
. Briefly, livers obtained in experiment I were transferred into 0.25 M glycerol/50 mM Tris pH 7.4 and homogenized with a glass Potter-Elvehjem type homoginizer with a Teflon pestle. Each liver homogenate was centrifuged at 13,500 g for 20 minutes and the supernatant was re-centrifuged at 105,000 g for 60 minutes 12 . The resulting pellet of the microsomal fraction, was washed once in 0.15 M KCl/10 mM Tris pH 7.6, centrifuged and processed for the BioRad DC protein assay (BioRad, Hercules, USA) based on Lowry's method 13 . Microsomal preparations were snap frozen in liquid nitrogen and stored at -80°C until use.
Liver microsomes were separated on a 10% SDSpolyacrylamide gel 14 and blotted on to Hybribond P (Amersham, Buckinghamshire, England) in 20% methanol, 400 mM glycine, 50 mM Tris-HCl pH 8.3 at 4°C for 60 V for 4 h. CYP 2E1 was detected with an antibody kit purchased from Amersham using the ECL detection system as recommended by the manufacturer (Amersham). A positive control for CYP 2E1 was added as supplied by the manufacturer. Quantitation of the results was performed as described by Trautwein et al. 12 
Immunohistochemistry and analysis of sections
The avidin-biotin complex method 15 was used to demonstrate GST-P-positive foci using anti-GST-P-IgG (MBL, Nagoya), BrdU-labeled cells with anti-BrdU IgG (DAKO Japan Co., Kyoto) and expression of CYP 2E1 with anti-CYP 2E1 apoprotein IgG (Chemicon International, Inc., Temecula, CA). The numbers of foci >0.1 mm in diameter and the total areas of liver sections examined were assessed as detailed previously [1] [2] [3] . The generation of BrdU labeling indices were performed as described previously 2 . The significance of differences in the quantitative data from experiment II was statistically evaluated using ANOVA.
Results
Cell proliferation kinetics and changes of CYP 2E1 protein contents Hepatic injury by CCl 4 administration resulted in centri-lobular necrosis (Fig. 2) . At 36 h after CCl 4 administration, necrosis was maximal and the histological architecture had regained a normal appearance at one week thereafter. D-gal-administration induced scattered necrosis with infiltration of inflammatory cells at 36 h after administration ( Fig. 2) with recovery again within one week. The data for liver cell proliferation kinetics are summarized in Fig. 3A . Label incorporation after CCl 4 administration increased until 60 h. High labeling indices (approximately 20% to 30% of cells positive for BrdU) continued from 36 h to 72 h. There were BrdU-incorporated hepatocytes in the periportal area at high proliferating time. In contrast, cell proliferation after D-gal administration was comparatively low, the mean BrdU index being about 3% of cell positive at 48 h after the treatment, elevation continuing until 72 h. The BrdU-incorporated hepatocytes localized also in the periportal area at 48 h after D-gal treatment.
The data for CYP 2E1 apoprotein content in the microsomal proteins are summarized in Fig. 3B . After CCl 4 administration, CYP 2E1 apoprotein contents decreased up to about 40% of control from 12 h until 60 h after. On the other hand, onlylight decrease at 12 hrs and 7 days after Dgal administration, but not to less than 70% of the control level. Immunohistochemically, the CYP 2E1-positive cells was in the centrilobular area of normal rat liver and the pattern of CYP 2E1 positive cells did not change with time after D-gal administration. Contrastively, most hepatocytes were negative 12 to 48 hrs after CCl 4 administration and staining recovered after 7 days.
Induction of GST-P positive foci
Data for the area and numbers of GST-P positive foci per unit area of liver section are summarized in Fig. 4 . When given 60 h after D-gal administration, there was appreciable increase of area and numbers of GST-P positive foci. The area and number of GST-P-positive foci at 12, 60 h after Dgal and the group with CCl 4 administration were significantly elevated compared with the controls, and the area of GST-P-positive foci at 60 hr after D-gal was significantly higher than that of the group with CCl 4 administration, however, numbers of GST-P-positive foci were not significantly different between animals at 60 h after D-gal and animals with CCl 4 administration.
Discussion
In the present study the proliferative period after intragastric D-gal administration was from 48 h to 72 h, similar to the case recieving CCl 4 treatment 1, 2 but the degree of induction of proliferation was very much lower 1, 2 . In spite of this, the numbers of GST-P positive foci were not significantly different as compared with the CCl 4 group. Dgal traps uracil nucleotides by its toxic intermediary metabolites (UDP-galactosamine and UDP-glucosamine) in rat liver 16 and induces depletion of hepatic UTP, UDPglucose and UDP-galactose which are essential materials in biosynthesis of macromolecules such as nucleic acids. Consequently, organelle injury and necrosis of hepatocytes occur 17 . CCl 4 -induced hepatic necrosis is also caused by metabolic intermediates including trichloromethyl radicals and cytochrome P450 associated with bioactivation of carcinogen is reduced 7 . The radicals bind to CYP 2E1 which is in fact responsible for their activation, degrading and inactivating the enzyme (suicide metabolism) 7 while causing necrosis of the expressing cells. Necrosis induced by D-gal administration has been reported to predominate in the periportal areas 17 , and therefore reduction of metabolic enzymes localized in cetrilobular areas such as cytochrome P450 is much less. The present quantification by western blotting demonstrated decrease of CYP 2E1 apoprotein content after D-gal administration to be slight (up to approximately 30%). In our study, the centrilobular pattern of CYP 2E1 positive cells did not change with time after Dgal administration. Therefore, necrosis induced by intragastric D-gal administration did not influent to CYP 2E1 contents and localization. In contrast, CYP 2E1 apoprotein contents until 60 hr after CCl 4 administration were decreased markedly. For detection for initiation with CCl 4 administra tion in experiment II, we earlier demonstrated that the 60 h time point is most effective for carcinogen application 2 . Thus, intragastric D-gal administration would be expected to have less suppressive effects on bioactivation of DMH by CYP 2E1 than CCl 4 , counterbalancing the differential regarding proliferation kinetics. However, the route of D-gal administration in this study was intragastric administration similar to CCl 4 treatment, because we wanted to avoid the influence of difference of administrating routes. In previous reports of hetatotoxicity, lower dose of D-gal was administrated by intraperitoneal injection [16] [17] [18] . Therefore, there will be a need for comparing the difference of administrating routes of Dgal hereafter.
The area of GST-P positive foci with DMH timed at 60 h after D-gal administration was significantly higher than the value with CCl 4 administration. Selection pressure on GST-P positive cells by 2-AAF-CCl 4 treatment should be equal, therefore much of the difference in area might be caused by proliferation of GST-P positive cells in the period prior to 2-AAF exposure. 
